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(57) Abstract 

Hydrogenated amorphous silicon films are deposited simultaneously on two metal or dielectric substrates (25, 26, 43, 44) from a radio 
frequency glow discharge (32) maintained in a mixture of gases or vapours with at least one of them containing silicon in its molecule. The 
discharge (32) is maintained between two mutually symmetric, radio frequency powered electrodes (20, 21, 41, 42) enclosed in a grounded 
chamber (22, 40) and isolated from it, with one substrate placed on the internal side of each of the electrodes (20, 21, 41, 42). All surfaces 
of the electrodes (20, 21, 41, 42) except the two surfaces where the substrates (25, 26, 43, 44) are placed, are enclosed in grounded metal 
parts (28), some of which may be chamber walls, with a gap between them sufficiently small to prevent discharge formation at the process 
pressures. The method can be extended so that 2n (n « I, 2, 3..,) substrates are deposited simultaneously in each of n pairs of the electrodes 
such as by using a "box-coater" arrangement particularly well suited to the hollow cathode configuration. 
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High rote deposition of amorphous silicon films 

Introduction 

The present invention relates generally to the field of Plasma 
Enhanced Chemical Vapour Deposition (PECVD) and in particular, the 
invention provides a method of depositing high quality hydrogenated 
amoiphous silicon films. 

Hydrogenated amorphous silicon (a-Si:H) has been used 
extensively in many large-area device applications, such as solar cells, 

* 

photoreceptors, flat-panel displays, page-wide document scanners and 
printer heads. Its low deposition temperature makes it ideally suited for 
large area microelectronic devices, where low-cost glass is often utilised as 
a substrate. Much of the siiccess of a-Si:H originates from its low defect 
densitv. which makes it behave like a true semiconductor that exhibits 
doping effects. There is additional interest in the use of such amoiphous 
silicon films as precursors for higher performance polycrystalline silicon 
films for similar applications. For industrial applications, high rate 
deposition of good quality a-Si:H film material is desirable. 
Background to the Invention 

At a simple phenomenological level, the deposition rate of 
amorphous silicon from SiHj discharge (pure or diluted) is determined by 
the rate of SiH 4 supply to the discharge chamber (SiH^ flow rate] and the 
rate of silane decomposition in the plasma. The latter is related to the 
amount of deposition precursors (SiHx) generated in plasma volume per 
second. In conventional PECVD systems the silane decomposition rate 
(and therefore the deposition rate) can be increased by increasing the rf 
(radio frequency) power coupled into the discharge. Such increase, 
however, is usually limited by an onset of gas phase polymerisation or 
powder formation which occurs above a certain rf power threshold 
resulting in a large number of clusters being incorporated in the film, as 
well as a yellow powdery deposit on all the chamber surfaces. This has 
been the main reason for the use of a relatively low a-Si deposition rates 
(< < 10 A/s ) in conventional PECVD systems. An alternative way of 
increasing the deposition rate is by increasing the silane flow rate. This 
may help to increase the deposition rate significantly, but is only practical 
to a point where increase in productivity is negated by an increase in the 
cost of the silane consumption. In this process the silane utilisation factor 
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(percentage of silicon in the total silane flow deposited on the substrates), 
which is already small in a conventional process (<5%), drops further, 
implying an increase in the process-associated material costs. 
Additionally, the deposition uniformity can also become a problem as the 
residence time of the deposition precursors becomes small at veiy high 
flow rates. An increase in the rf power (increasing the silane 
decomposition rate) can improve the utilisation factor, but gains are again 
limited by the powder onset threshold. The suppression of the powder 
formation thus appears to be the key to developing both high rate and high 
.efficiency (in. terms of silane consumption) deposition processes. 

A number of methods have been reported, which allow one to shift 
the powder onset threshold towards higher rf powers thus achieving high 
silane decomposition rates in a powder-free regime. They include the use 
of a higher frequency (up to 110 MHz as opposed to 13.56 MHz)[ M. 
Heintze et al. Mat Res. Soc. Symp. Proc. 297, 50 (1993)], high density 
(e.g. Electron Cyclotron Resonance) plasma sources [S. Guha et al, Appl. 
Phys. Lett. 66, 595 (1995)] to reduce the process pressure (thus reducing 
the probability of gas phase nucleation), increasing the reactor 
temperature [R. Banerjee et at, J. Appl. Phys. 74, 4540 (1993)] and 
modulation of the rf signal (which drives the discharge) on a scale of a few 
milliseconds jj. P. M. Schmitt et al, Mat. Res. Soc. Symp. Proc. 219.. 
631]. The effectiveness of each of these methods is related to the 
mechanisms of powder formation. Some of these methods have scaling-up 
problems, such as deposition uniformity over a large area and 
complication of the reactor design. 
Summary of the Invention 

According to a first aspect, the present invention provides a 
method of deposition of hydrogenated amorphous silicon film onto a 
substrate from a radio frequency glow discharge, the method including, 
placing the substrate on or near an internally facing surface of a first 
electrode of a pair of mutually symmetric, radio frequency powered, 
electrodes enclosed in and isolated from, a grounded chamber, evacuating 
the chamber, and introducing into the chamber., a gas or vapour or a 
mixture of gasses and/or vapours including a source of silicon atoms and 
operating the chamber with a power to pressure ratio determined to allow 



WO 99/28528 PCT/AU98/00974 

3 

rapid (ie. >15 A/sec) formation of amorphous silicon on the substrate with 
dominant monohydride (Si:H) bonds and low particle formation. 

According to a second aspect, the invention provides a Plasma 
Enhanced Chemical Vapour Deposition (PECVD) system for depositing 
5 hydrogenated amorphous silicon films including a chamber enclosing a 
pair of mutually symmetric, opposed electrodes, at least one of the 
opposed electrodes being arranged to receive a deposition substrate on or 
adjacent to its surface, the chamber including an output port connected to 
a vacuum pump and an input port connected to a supply of a gas or vapour 
10 or gases and/or vapours including a source of silicon atoms, and a radio 
frequency power supply connected between the chamber and the pair of 
symmetric electrodes and control means for setting a pressure to power 
ratio at a value determined to allow rapid formation of amorphous silicon 
on the substrate with dominant monohydride (Si:H) bonds and low 
15 particle formation. 

Throughout this specification and claims "low particle formation" 
means particle formation below 5 x 10 4 particles/cm 2 . 

In embodiments of the invention surprisingly high deposition rates 
of 0.5fxrn/min have been achieved while maintaining good material quality. 
20 The presence of a dominance of monohydride (Si:H) bonds is determined 
by Fourier Transform Infra Red (FTIR) absorption, where a dominant peak 
is observed at 2000 cm" 1 rather than 2100 cm" 1 . 

Preferably, the chamber is grounded and the opposed electrodes 
are maintained at the radio frequency potential of the power supply. 
25 Preferably also each of the opposed electrodes is arranged to receive a 
substrate on its respective internally facing surface such that two 
substrates may be coated simultaneously. In the preferred embodiment, 
all surfaces of the opposed electrodes, except those covered by a substrate 
to be deposited onto are enclosed in grounded metal shields separated 
30 from the respective surfaces by a gap sufficiently small to prevent 
discharge formation at the process pressure. 

In the preferred embodiment, a plurality (n) of pairs of opposed 
electrode surfaces are provided in the chamber with each pair of opposed 
surfaces arranged to receive a respective pair of substrates for deposition. 
35 In one embodiment, each pair of opposed electrode surfaces is provided by 
a separate pair of electrodes, located in a grounded enclosure within the 
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chamber and electrode pairs are removable individually as a module for 
substrate attachment arid removal. Preferably., this is achieved by 
providing two electrodes fixed to and insulated from a grounded metal 
frame to form a portable process vessel which is arranged to be loaded into 
the chamber for deposition and then unloaded from it. In another 
embodiment, both sides of each electrode (except for end electrodes) are 
arranged to accept a substrate for deposition ivith each surface of each 
electrode providing one of a different pair of opposed surfaces to the other 
surface of the same electrode, and each electrode is removable for 
attachment and removal of substrates. 

In one embodiment, substrate temperature is controlled by 
grounded heaters associated with each electrode. In the case of single 
sided electrodes, heaters may be located behind each electrode, shaped to 
conform with the shape of the back surface of the electrode, and in the 
case of double sided electrodes, the electrodes may have internal spaces in 
which the heaters are located. In other embodiments the temperature can 
be controlled by introducing hot gas into the chamber. 

In the preferred embodiment, discharge confining elements, 
preferably of metal are located within the chamber and connected to the 
electrodes and/or the chamber to control the discharge characteristics, 
deposition process and film characteristics. 

The confining elements are preferably configured to preserve the 
symmetry of the system with respect to the substrates. In the case where 
the confining elements are connected to the electrodes, they are shielded 
from the grounded chamber by shielding elements conforming with back 
surfaces of the confining elements and separated from the confining 
elements by a gap sufficiently small to prevent discharge formation in the 
gap. 

Film characteristics may also be controlled by controlling the ion 
bombardment energy on the surface of the substrate. In embodiments of 
the invention, this is achieved by introducing an equal gap between each 
of the substrates on each pair of opposed electrode surfaces and the 
respective electrode surface, and varying the gap to achieve the desired 
characteristics. In one embodiment, the gaps between the substrates and 
the respective electrodes are filled with dielectric material. 
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Embodiments of the invention may use silicon tetrahydride 
(silane) as the silicon source and the source gas may be diluted with a 
noble gas or hydrogen or both. 

In the preferred embodiment, the ratio VN^/P, where W is power 
5 density on the substrate (W/cm ), P is the gas pressure (pa) and k is a co- 
efficient ranging from 0.5 to 4.0, is kept below a predetermined, 
empirically established, value in order to prevent the degradation of film 
quality due to an onset of gas phase polymerisation. The co-efficient k 
determines the shape of the boundary between "power" and "no powder" 
10 regions in the power density/pressure function as illustrated in Figure 11. 
Preferably, in the chamber described herein, the preferred range of the 
value k is 1.47 to 1,56. but mav vary for other chambers and must be 
determined empirically. The value for wVp is lower, for increased 
discharge confinement and higher for increased total gas flow rate and/or 
15 increased silane dilution with a noble gas or hydrogen or both and in the 
experimental HCPECVD system is in the range from 0.25 to 2.04 as shown 
in Figure 11. 

Brief Description of the Drawings 

Embodiments of the invention will now be described, by way of 
20 example, with reference to the accompanying drawings in which:- 

Figure 1 schematically illustrates a conventional prior art Plasma 
Enhanced Chemical Vapour Deposition (PECVD) System; 

Figure 2 schematically illustrates a Hollow Cathode PECVD 
System according to an embodiment of the present invention; 
25 Figure 3 diagrammatically illustrates a Hollow Cathode PECVD 

System according to an embodiment of the invention showing optimising 
features; 

Figure 4 graphically illustrates A-Si deposition rate and utilisation 
factor as a function of silane flow rate for a confinement gap of 5mm, an 
30 Ar flow rate of 60sccm, an operating pressure of lPa and an rf input power 
of 500w; 

Figure 5 graphically illustrates A-Si deposition rate and utilisation 
factor as a function of silane flow rate for a confining gap of 2.5mm with 
an At flow rate of 60sccm an operating pressure of lPa and an rf input 
35 power. of 500w: 
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Figure 6 graphically illustrates A-Si deposition rate and utilisation 
factor as a function of discharge confining gap (d) with a silane flow rate of 
40sccm, and Ar flow rate of 60sccrn, operating pressure of IPa and an rf 
input power of 500w; 
5 Figure 7 graphically illustrates A-Si deposition rate and utilisation 

factor as a ftinction of rf power with a silane flow rate of 40sccm, an Ar 
flow rate of 60sccm and an operating pressure of IPa; 

Figure 8 is a simplified perspective view of a Hollow Cathode 
PECVD box coater according to an embodiment of the invention; 
10 Figure 9 is a cutaway diagram of a module from the box coater of 

Figure 8; 

Figure 10 diagrammatically illustrates the Hollow Cathode PECVD 
systems of Figure 3 with substrates separated from their respective 
electrodes to control ion bombardment energy at the substrate surface; and 
15 Figure 11, (a), (b) and (c) illustrate 3 different sets of operating 

conditions for the hollow cathode PECVD system of the present invention, 
showing the values of W k /P at which the onset of powder formation 
occurs. 

Detailed Description of the Embodiments 

20 An a-Si:H deposition process, employing a Hollow Cathode PECVD 

(HCPECVD) is disclosed, which has a configuration quite similar to 
conventional diode type of PECVD reactor and operates at conventional 
frequency of 13.5 MHz. This technique has inherent advantages in terms 
of achieving high a-Si:H deposition rates in a powder-free regime 

25 (compared with conventional PECVD} due to: 

lower operating pressures 

higher plasma density and higher ion flux on the surface of 
the growing film (this can be partially achieved in conventional PECVD by 
increasing the rf frequency). 
30 Additionally, a high level of discharge confinement inherent to the 

HCPECVD system can provide high values of the silane utilisation factor 
(>50%). 

Hollow Cathode principle 

The use of the hollow cathode principle for rf discharges was first 
35 suggested in 1983 [C M Horwitz, Appl. Phys. Lett. 43 ? 977 (1983)] (before 
this report, the term "hollow cathode" was associated exclusively with dc 
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discharges) (see also US Patent No 4521286). The main difference between 
conventional PECVD and HCPECVD is in the electrical connection of the 
two opposing electrodes (Fig. 1). Referring to Figure 1, in conventional 
PECVD, one of the two electrodes 20 is rf powered, while the other 
electrode 23 and the rest of the chamber 22 are grounded. Referring to 
figure 2, in HCPECVD, both electrodes 20, 21 are rf powered while the 
chamber is grounded. The increase in the plasma density achieved with 
the Hollow Cathode configuration is attributed to the so called "electron 
mirror" effect [C M Horwitz 1983], in which a negative self-developed bias 
voltage on the two opposing rf powered electrodes both helps to increase 
density of the high energy electrons (responsible for ionisation) and to 
reduce their recombination rate. The hollow cathode effect can be 
enhanced by appropriate discharge confinement which results in an 
increase in the plasma density, an increase in the ion flux on the 
electrodes and a decrease in the average ion energy (for the same input 
power) 

The use of HCPECVD for a Si deposition was reported by C M 
Horwitz and Dr. D R McKenzie, [Applications of Surface Science 22/23, 
925(1985)] and C M Horwitz, [J. Vac. Sci. TechnoL 7, 443 (1989)], In the 
first instance a deposition rate of 0.1 /xm/min was achieved, but the hollow 
cathode discharge zone was not confined and conventional discharge 
above the top electrode was not suppressed thus limiting further increase 
in the deposition rate and reducing the silane utilisation factor. Also, the 
low photoconductivity of the deposited films suggested somewhat poor 
quality of the produced a-Si:H material. In the second instance deposition 
rates as high as 1 jurn/min were reported, but these high rate results were 
obtained under conditions of intense gas phase polymerisation and powder 
formation. The a-Si materials produced in this way have no practical 
device applications due to the poor material quality. Moreover, the 
purpose of that work was to obtain information about the plasma density 
by monitoring the a Si deposition rate, rather than to develop a practically 
useful process. 

Deposition of a-Si:H by an improved HC PECVD system 

Embodiments of the present invention provide a px^actical 
approach to using the Hollow Cathode system for high rate and device 
quality a-Si:H deposition including new chamber designs and chambers 
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suitable for processing multiple large area substrates 25, 26. A process 
with a-Si:H deposition rate of 0.3-0.5 /i-m/min in a powder-free regime and 
the utilisation factor as high as 60 % have been developed and 
demonstrated in a specially constructed HCPECVD system. 

The optimised design of the Hollow Cathode deposition chamber 
used for this high rate a-Si:H deposition is shown in Figure 3. . Silane, 
diluted with argon or hydrogen, is supplied via an inlet port 24 to the 
opposite side of the lower electrode 21, and enters the Hollow Cathode 
discharge zone from the circumference 27 of the lower electrode 21. This 
gas delivery configuration provides both good deposition uniformity and 
high silane utilisation since the silane decomposition starts to occur in the 
immediate vicinity of the electrodes. Guard rings 28 and confining ring 29 
help maintain the discharge in close proximity to the electrodes 20, 21 and 
respective substrates 26,25 and the lateral extension 30 of the lower guard 
ring 28 (which is grounded) above the confining ring 29 of the bottom 
electrode 21 serves two purposes: it redirects the gas flow to the discharge 
zone 32 and prevents formation of a subsidiary (shunting) discharge 
between the top electrode 20 and the confining ring 29 of the bottom 
electrode 21. The discharge confinement (and therefore plasma density) 
can be varied by varying the gap 33 between the guard rings 28. The 
smaller the gap 33 the higher the confinement and the higher the plasma 
density. In the HCPECVD system of this embodiment a typical deposition 
rate is 0.3-0.45 ^m/min is obtained for a silane flow rate of 40sccm 
(depending on the discharge confinement and the rf power). The total area 
of both electrodes 20, 21 on which substrates 26, 25 can be placed (two 
substrates can be deposited in one process) is around 300 cm 2 . This gives 
rise to the value of silane utilisation factor (UF) in the range 30-60 %, 
which is an order of magnitude improvement over conventional PECVD 
techniques. 

Figures 4 and 5 show the dependence of the a-Si:H deposition rate 
and the utilisation factor versus the silane flow rate. The difference 
between Figures 4 & 5 in the discharge confinement: the discharge 
confining gap d is 5 mm for Figure 4 and 2.5 mm for Figure 5. It is seen 
that an increase in the discharge confinement (a decrease in d) leads to an 
increase in both the deposition rate and utilisation factor for similar silane 
flow rates. For a fixed discharge confinement the deposition rate increases 
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with the silane flow. This, however, occurs at the expense of the 
utilisation factor, which decreases with the silane flow rate. From a 
practical point of view this implies a trade-off between productivity 
(deposition rate] and running costs (silane consumption) when the 
5 optimum can be determined by the condition of minimum total cost of the 
product. As already mentioned both the deposition rate and the utilisation 
factor can be increased by increasing the discharge confinement 
(decreasing d) as shown in Figure 6. The increase in the rf power coupled 
into the discharge has a similar effect (Figure 7.). 
10 As mentioned earlier, the previous work .of C M Horwitz [C M 

Horwitz, J. Vac. Technol. 7,443 (1989)] on high rate deposition of 
amorphous silicon by the hollow cathode technique was done in the 
regime where deposition was accompanied by the gas phase 
polymerisation and powder formation, resulting in amorphous silicon 
15 films with defect (cluster) density unsuitable for any of the practical 
applications. In the present invention this problem is overcome by 
defining and operating in the region of the parameter space of the hollow 
cathode PECVD, where the gas phase polymerisation is avoided and defect 
free films are obtained. 
20 For a certain level of rf power coupled into the discharge, there is a 

minimum pressure below which the gas phase polymerisation begins to 
occur in the central area of the hollow cathode region and, as the pressure 
is lowered further, it spreads towards the electrode periphery. This 
minimum pressure is inversely proportional to the rf power coupled, into 
25 the discharge, so that the power to pressure ratio W/P should be 

maintained below a certain empirically established value in order to stay 
in the powder free regime. The limit for W/P decreases with the discharge 
confinement, i.e. for a constant pressure, in order to avoid an onset of the 
gas phase polymerisation, the discharge power should be reduced 
30 accordingly if the discharge confinement is increased, or, for a constant 
power level, a discharge confinement increase should be accompanied by 
an increase in the gas pressure. In addition, if the gas pressure, the 
discharge power and confinement are kept constant, silane dilution with 
noble gases (Ar,He) or hydrogen allows for an increase in the limit for W/P. 
35 Similar effect can be achieved by increasing the total (silane + dilution gas) 
gas flow rate. 
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The above definition of the polymerisation free parameter space of 
the hollow cathode PECVD is based on the following mechanism. Gas 
phase polymerisation proceeds through interaction between SiHx species, 
when larger polymeric clusters can grow infinitely, since their precursors 
acquire negative (floating) potential and become suspended in plasma 
glow due to confinement by negative potential of the electrodes and the rf 
powered discharge confinement elements. This process occurs to some 
extent in the whole deposition parameter space, but begins to have a 
detrimental effect on the film quality when the concentration the 
polymerisation precursors in plasma volume exceeds a certain threshold, 
where avalanche gas phase polymerisation occurs. This results in 
deposition of films with defect density unacceptable for practical 
applications. The principle of the high density hollow cathode discharge 
is based on confinement of the energetic secondary electrons released from 
the rf powered electrodes. As the degree of this confinement increases the 
plasma density increases as well. At the same time, however, this causes 
an increase in the confinement of the negatively charged 
clusters/polymerisation precursors so that their concentration may exceed 
the avalanche polymerisation threshold. This sets a limit for the discharge 
confinement in order to avoid the gas phase polymerisation. As the 
discharge power increases the confining potentials also increase having an 
effect similar to the increase in the confinement itself. Dilution of silane 
helps to reduce the effective concentration of polymerisation precursors, 
while an increase in the total gas flow promotes their removal from the 
hollow cathode zone towards the pump port. The increase in the process 
pressure reduces the effective discharge confinement via the hollow 
cathode glow region extending further beyond the physical confinement 
space as defined by the discharge confinement elements. All this helps to 
remove the cluster precursors from the hollow cathode zone and therefore 
to reduce their concentration below the gas phase polymerisation 
threshold. 

In practice, an empirically established limit for the power to 
pressure ratio can be used, in order to prevent the degradation of film 
quality due to an onset of gas phase polymerisation. As follows from the 
above discussion, this limit is lower for increased discharge confinement " 
and higher for increased total gas flow and/or silane dilution. This is 
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illustrated in Figure 11, which shows power to pressure ratios on the 
boundary of the gas phase polymerisation zone for three different sets of 
discharge confinement, total gas flow and silane dilution. 

The ion-bombardment during a-Si:H deposition in a HCPECVD 
system is usually greater than in the conventional diode PECVD system. 
The ion-bombaxdment is usually beneficial since it can increase the 
density of a-Si:H material, however, for some applications a reduced ion 
bombardment may be required. Referring to Figure 10.. a controlled 
reduction ion-bombardment can also be achieved by spacing each 
substrate from its respective electrode by a distance of 2 - 3 mm while it 
still remains within the dark space. The spacing can be maintained by 
locating a spacing element 36 between the substrate and electrode as 
illustrated. This arrangement reduces the ion acceleration energy and thus 
reduces ion-bombardment. 

Commercial versions of the Hollow Cathode reactor 

The Hollow Cathode system can be scaled to accommodate large 
area substrate as required for solar module and liquid crystal display (LCD) 
applications. Figure 8 shows a schematic of HCPECVD "box coater" in 
which a series of HCPECVD boxes 34 are connected, with the unit box 
frame commonly grounded. Figure 9 shows the detail of a single 
HCPECVD box 34 including the chamber 40, plasma confinement 
elements 45, gas delivery tubes 46. electrodes 41, 42 and glass substrates 
43, 44. The chamber frame 40 is grounded with two rf electrodes 41, 42 
separately placed on either side of the reactor. Two pieces of glass 43, 44 
are placed facing each other and with each adjacent to an rf electrode. 
Two gas delivery tubes 46 are positioned between the gap 47 in the plasma 
confinement element 45. 

Alternatively, without the use of gas delivery tubes 46, the gas can 
be introduced in the gap behind each of the electrodes 41,42 through a set 
of holes in the grounded wall 40 of the HCPECVD box and will then enter 
the hollow cathode discharge zone through the gaps between confining 
elements 45. The HCPECVD box coater has the advantages of achieving 
higher values of the utilisation factor and the deposition rate. 
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Features 

The preferred embodiment of the HCPECVD has the following 
features which give advantages over conventional PECVD for a-Si:H 
deposition. 

Hydrogenated amorphous silicon films can be deposited 
simultaneously on two metal or dielectric substrates 25, 26, 43, 44 from a 
radio frequency glow discharge 32 maintained in a mixture of gases or 
vapours with at least one of them containing silicon in its molecule. The 
discharge 32 is maintained between two mutually symmetric, radio 
frequency powered electrodes 20. 21. 41, 42 enclosed in a grounded 
chamber 22, 40 and isolated from it, with one substrate placed on the 
internal side of each of the electrodes 20 s 21, 41, 42. 

All surfaces of the electrodes 20 5 21, 41, 42 except the two surfaces 
where the substrates 25. 26, 43. 44 are placed, are enclosed in grounded 
metal parts 28. some of which may be chamber walls, with a gap between 
them sufficiently small to prevent discharge formation at the process 
pressures. 

The method can be extended so that 2n (n= 1,2,3..) substrates are 
deposited simultaneously in each of n pairs of the electrodes such as by 
using a "box-coated' arrangement particularly well suited to the hollow 
cathode configuration. 

The substrate temperature during the deposition can be controlled 
by grounded heaters located behind the electrodes and conforming in 
shape to the back surface of the heaters. 

In case of the multiple plasma box configuration, the heating of the 
chamber can be realised by flowing a hot gas through the chamber. 

Discharge characteristics and related deposition process and film 
characteristics can be controlled by confining the discharge by metal parts 
connected either to the electrodes or to the chamber in a way that 
preserves the symmetry of the system with respect to each of the 
substrates. 

The confining parts connected to the electrodes can be shielded 
from the grounded chamber by grounded parts that are shaped to conform 
with the electrode back surfaces. 

The ion bombardment energy on the substrate surface and. related 
film characteristics can be controlled by introducing and varying equal 
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gaps between the back surfaces of each of the substrates and the 
electrodes. These gaps can be filled with dielectric material* 

The two electrodes can be fixed on a grounded metal frame, but 
isolated from it, thus forming a portable process vessel which can be 
5 loaded in the chamber for the deposition and then unloaded from it 

Silicon tetrahydride (silane) is believed to be the most suitable 
silicon containing gas. 

The silane can be diluted with either noble gases or hydrogen or 
with both. 

10 The product of W k /P, where W is the power density on the 

substrate (VV/cm ) s P is the gas pressure and k is a coefficient ranging from 
0.5 to 4.00, is kept below an empirically established value, in order to 
prevent the degradation of film quality due to an on-set of gas phase 
polymerisation the value being lower for increased discharge confinement . 

15 and higher for increased total gas flow and/or increased silane dilution. 
This value ranges from 0.25 to 2.04 as determined from the experimental 
HCCVD reactor for which 3 examples for different operating conditions are 
given in Figure 11. 

It will be appreciated by persons skilled in the art that numerous 

20 variations and/or modifications may be made to the invention as shown in 
the specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are, therefore, 
to be considered in all respects as illustrative and not restrictive-: 
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CLAIMS: 

1. A method of deposition of hydrogenated amorphous silicon film 
onto a substrate from a radio frequency glow discharge, the method 
including, placing the substrate on or near an internally facing surface of a 
first electrode of a pair of mutually symmetric, radio frequency powered, 
electrodes enclosed in and isolated from, a grounded chamber, evacuating 
the chamber, and introducing into the chamber, a gas or vapour or a 
mixture of gasses and/or vapours including a source of silicon atoms and 
operating the chamber with a power to pressure ratio determined to allow 
rapid formation of amorphous silicon on the substrate with dominant 
monohydride [Si:H) bonds and low particle formation at a rate greater than 
15 A/sec. 

2. The method of claim 1 wherein, the chamber is grounded and the 
opposed electrodes are maintained at the radio frequency potential of the 
power supply. 

3. The method of claim 2 wherein, in use. a substrate is located on a 
respective internally facing surface of each of the opposed electrodes such 
that two substrates are coated simultaneously. 

4. The method of claim 3 wherein, all surfaces of the opposed 
electrodes, except those covered by a substrate are enclosed in grounded - 
metal shields separated from the respectivei surfaces -by a gap of a size 
selected to prevent discharge formation at the process pressure. 

5. The method of claim 3 or claim 4 wherein, a plurality (h) of pairs 
of opposed electrode surfaces are provided in the chamber with each pair 
of opposed surfaces arranged to receive a respective pair of substrates for 
deposition. 

6. The method of claim 5 wherein, each pair of opposed electrode 
surfaces is provided by a separate pair of electrodes located in a grounded 
enclosure within the chamber and electrode pairs are removable 
individuallv as a module for substrate attachment and removal. 

7. The method of claim 6 wherein, two electrodes are fixed to and 
insulated from, a grounded metal frame to form a portable process vessel 
which is arranged to be loaded into the chamber for deposition and then 
unloaded from it. 
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8. The method of claim 5 wherein, the electrode surfaces are 
provided by two single sided end electrodes and one or more two sided 
intermediate electrodes, the single side of each end electrode and both 
sides of each intermediate electrode being arranged to accept a substrate 
for deposition with each surface of each electrode providing one of a 
different pair of opposed surfaces to the other surface of the same 
electrode, and each electrode is removable for attachment and removal of 
substrates. 

9. The method as claimed in anv one of claims 1 to 8, wherein 
substrate temperature is controlled by grounded heaters associated with 
each electrode. 

10. The method of claim 9 wherein heaters are located behind each 
electrode, shaped to conform with the shape of the back surface of the 
electrode, 

11. The method of claim 9 wherein, the electrodes may have internal 
spaces in which the heaters are located. 

12. The method as claimed in anv one of claims 1 to 8 wherein the 
process temperature is controlled by controlling the temperature of gasses 
introduced into the chamber. 

13. The method as claimed in any one of claims 1 to 12 wherein 
discharge confining elements, are located within the chamber and 
connected to the electrodes and/or the chamber to control the discharge 
characteristics, deposition process and film characteristics. 

14. The method of claim 13 wherein, the discharge confining elements 
are of metal construction. 

15. The method of claim 13 or 14, wherein the confining elements are 
configured to preserve the symmetry of the system with respect to the 
substrates. 

16. The method of claim 13, 14 or. 15, therein the confining elements 
are connected to the electrode and are shielded from the grounded 
chamber by shielding elements conforming with back surfaces of the 
confining elements and separated from the confining elements by a gap 
sufficiently small to prevent discharge formation in the gap. 

17. The method as claimed in anv one of claims 1 to 16, wherein film 
characteristics are controlled by controlling the ion bombardment energy 
on the surface of the substrate. 
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18. The method of claim 17 wherein the control of the bombardment 
energy on the surface of the substrate is achieved by. introducing an equal 
gap between each of the substrates on each-pair of opposed electrode 
surfaces and the respective electrode surface, and adjusting the gap to 

5 achieve the desired characteristics. 

19. The method of claim 17 wherein each of the gaps between the 
substrates and the respective electrodes are filled with dielectric material. 

20. The method as claimed in any one of claims 1 to 19, wherein 
silicon tetrahydride (silane) is used as the silicon source and the source 

10 gas may be diluted with a noble gas or hydrogen or both. 

21. The method as claimed in anv one of claims 1 to 20, wherein the 
ratio W k /P,. where W is power density on the substrate (W/cm 2 ), P is the gas 
pressure (pa) and kis a co-efficient ranging from 0.5 to 4.0, is kept below a 
predetermined, empirically established, value in order to prevent the 

15 degradation of film quality due to an onset of gas phase polymerisation. 

22. The method as claimed in any one of claims 1 to 20, wherein the 
ratio W^/P, where W is power density on the substrate (W/cm 2 ), P is the gas 
pressure (pa) and k is a co-efficient ranging from 1.47 to 1.56, is kept 
below a predetermined, empirically established, value in order to prevent 

20 the degradation of film quality due to an onset of gas phase 
polymerisation. 

23. The method of claim 21 or 22, wherein the value for W k /P is lower, 
for increased discharge confinement and higher for increased total gas 
flow rate and/or 'increased silane dilution with a noble gas or hydrogen or 

25 both 

24. The method of claim 21, 22 or 23, wherein the value for W k /P is in 
the range from 0.25 to 2.04. 

25. A Plasma. Enhanced Chemical Vapour Deposition (PECVD) system 
for depositing hydrogenated amorphous silicon films including a chamber 

30 enclosing a pair of mutually symmetric, opposed electrodes, at least one of 
the opposed electrodes being arranged to receive a deposition substrate on 
or adjacent to its surface, the chamber including an output port connected 
to a vacuum pump and an input port connected to a supply of a gas or 
vapour or gases and/or vapours including a source of silicon atoms, and a 

35 radio frequency power supply connected between the chamber and the 
pair of symmetric electrodes and control means for setting a pressure to 
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power ratio at a value determined to cause formation of amorphous silicon 
on the substrate at a rate greater than 15 A/sec with dominant 
monohydride (Si:H) bonds and low particle formation. 

26. The system of claim 25 wherein the chamber is grounded and the 
5 radio frequency/ power supply is connected between the grounded 

chamber and each of the electrodes. 

27. The system of claim 26 wherein in use, a substrate is located on a 
respective internally facing surface such that two substrates are coated 
simultaneously. 

10 28. The system of claim 27 wherein all surfaces of the opposed 

electrodes, except those covered by a substrate are enclosed in grounded 
metal shields separated from the respective surfaces by a gap of a size 
selected to prevent discharge formation at the process pressure. 

29. The system of claim 27 or claim 28 wherein a plurality (n) of pairs 
15 of opposed electrode surfaces are provided in the chamber with each pair 

of opposed surfaces arranged to receive a respective pair of substrates for 
deposition. 

30. The system of claim 29 wherein each pair of opposed electrode 
surfaces is provided by a separate pair of electrodes located in a grounded 

20 enclosure within the chamber and electrode pairs are removable 
individually as a module for substrate attachment and removal. 

31. The system of claim 30 wherein two electrodes are fixed to and 
insulated from, a grounded metal frame to form a portable process vessel 
which is arranged to be loaded into the chamber for deposition and then 

25 unloaded from it. 

32. The system of claim 31 wherein the electrode surfaces are 
provided by two single sided end electrodes and one or more two sided 
intermediate electrodes, the single side of each end electrode and both 
sides of each intermediate electrode being arranged to accept a substrate 

30 for deposition with each surface of each electrode providing one of a 
different pair of opposed surfaces to the other surface of the same 
electrode, and each electrode is removable for attachment and removal of 
substrates. 

33. The system as claimed in any one of claims 25 to 32, wherein 
35 grounded heaters associated with each electrode are provided to control 

substrate temperature. 
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34. The system of claim 31, wherein heaters are located behind each 
electrode, shaped to conform with the shape of the back surface of the 
electrode. 

35. The system of claim 32, wherein the electrodes are provided with 
5 internal spaces in which the heaters are located, 

36. The system as claimed in any one of claims 25 to 35, wherein 
temperature control means are provided to control the temperature of 
gasses introduced into the chamber. 

37. The system as claimed in any one of claims 25 to 36, wherein 
10 discharge confining elements., are located within the chamber and 

connected to the electrodes and/or the chamber to control the discharge 
characteristics, deposition process and film characteristics. 

38. The system of claim 37 wherein the discharge confining elements 
are of metal construction. 

15 39. The system of claim 37 or 38, wherein the confining elements are 
preferably configured to preserve the symmetry of the system with respect 
to the substrates. 

40. The system of claim 37, 38 or 39, wherein the confining elements 
are connected to the electrode and are shielded from the grounded 

20 chamber by shielding elements conforming with back surfaces of the 

confining elements and separated from the confining elements by a gap of 
a size selected to prevent discharge formation in the gap. 

41. The system as claimed in any one of claims 25 to 40, controlling 
means are provided to control the ion bombardment energy, the ion . 

25 bombardment energy on the surface of the substrate. 

42. The system of claim 41, wherein the ion bombardment energy 
control means includes a substrate support means arranged to introduce 
an equal gap between each of the substrates on each pair of opposed 
electrode surfaces and the respective electrode surface, the resultant gap 

30 being adjustable to achieve the desired characteristics. 

43. , The system of claim 42, wherein the gaps between the substrates 
and the respective electrodes are filled with dielectric material. 

44. The system as claimed in any one of claims 25 to 43, wherein 
silicon tetrahydride (silane) is used as the silicon source and the source 

35 gas may be diluted with a noble gas or hydrogen or both. 
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45. The system as claimed in any one of claims 25 to 44, wherein the 
ratio W k /P, where W is power density on the substrate (W/cm 2 ), P is the gas 
pressure (pa) and k is a co-efficient ranging from 0.5 to 4.0, is kept below a 
predetermined, empirically established, value in order to prevent the 

5 degradation of film quality due to an onset of gas phase polymerisation. 

46. The system of claim 45, wherein the co-efficient k is in the range 
1.47 to 1.56. 

47. The system of claim 45 or 46, wherein the value for W*/P is lower, 
for increased discharge confinement and higher for increased total gas 

10 flow rate and/or increased silane dilution with a noble gas or hydrogen or 
both. 

48. The system of claim 45, 46 or 47, wherein the value for W k /P is in 
the range from 0.25 to 2.04. 
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